SveuciliSte u Zagrebu

Fakultet kemijsko
‘.’ JSKOgZ

% inZenjerstva i tehnologije

FKITMCMXIX

>

Od otpada do biorazgradljive ambalaZe: o \z

Inovativna rjeSenja za odrZivu buducénost

Izv. prof. dr. sc. Dajana Kucic¢ Grqgic
e-mail: dkucic@fkit.unizg.hr

Zagreb, OZujak 2025.



FKITMCMXIX

>

Financira
Europska unija
NextGenerationEU

b blODHA-ComFDook

Proizvodnjairazvojkompostabilne
ambalaze iz otpadne biomase za
pakiranje industrijski preradenih
prehrambenih proizvoda

NPOO.C3.2.R3-11.04.0059

Nacionalni plan oporavka i otpornosti (NPOO)
Podr3ka transferu tehnologije

Prijavitelj projekta

Sveuciliste u Zagrebu

Fakultet kemijskog inzenjerstva i tehnologije
Trg Marka Maruli¢a 19, 10 000 Zagreb

Voditelj projekta

Izv. prof. dr. sc. Dajana Kuéi¢ Grgi¢

Partneri projekta
IstraZivacka organizacija:

iliste Josipa Jurja u Osijeku
Prehrambeno-tehnoloski fakultet Osijek
Franje Kuhaca 18, 31 000 Osijek

Poduzeca:

Podravka d.d.

Ante Starcevica 32, 48 000 Koprivnica

Rotoplast d.o.o.

Poduzetnicka 7, Kerestinec, 10 431 Sveta Nedelja

Trajanje projekta: 1. 1. 2024. - 30. 6. 2026.
Ukupni prihvatljivi troskovi projekta: 1.62868999 €

Bespovratna sredstva: 148808251 €

www.flit.unizg.hr
bio-pha-com-f-pack.eu

U] S i
PG| e S| W

Projekt se financira iz Nacionalnog plana
oporavka | otpomosti (NPOO), kroz poziv

Podrika transferu tehnologiie . .
[\ 4
¢» PIEs  podravka®? e

aRura ROTOPLAST

FRITMOMXIY

This research was conducted as part of the project ,,Production and development of compostable packaging from
waste biomass for the packaging of industrially processed food products” (NPOO.C3.2.R3-1l .04.0059) funded
by National Recovery and Resilience Plan (funded by the European Union, NextGenerationEU).
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Million tons
Global plastic production and accumulation T
... and future trends
Incinerated
1000 million tons i
Still in use -+ 1000
2900 million tons
Accumulation
-+ 800
1950-2017
9200 million tons
s
700 million tons —+ 600
Discarded
5300 million tons
-+ 400
-+ 200
Yearly production
Resin and fibres
1 1 1

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Year Illustrated by GRID-Arendal
UNEP (2021). From Pollution to Solution: A global assessment of marine litter and plastic pollution. Nairobi.

Proizvodnja plastike

The Companies With the
Largest Plastic Footprint

Pieces of plastic waste from the following
companies found in global cleanups in 2020

Coca-Cola

Nest¢ | ¢ <

Colgate-Palmolive _ 5,991

nitever N 552
repsico I 5155 9

Procter & Gamble _ 3, SZS

philip Morris [ 2 593 ?
Mondeléz - 117N ,\/*Q,\

* Based on an analysis of 346,494 pieces of plastic waste collected in 55 countries
in 2020, 63% of which were marked with a consumer brand.
Source: Break Free From Plastic

@O®G

statista %a

v' The global production of plastic materials increased tremendously;
from ~1.5 million tons in 1950 up to 335 million tons in 2016
V' Projections: in 2030, plastic production will double compared to 2016
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Primjena palstike u razli¢itim sektorima

The Others
world 12%
produces The largest
more than industrial sector is
400 |
million single-use material Packaging
tons demgngd for. 36%
of plastics immediate disposal ' ndustrial
every year. il
Consumer and 1%
institutional
products
10%
2 . / \ _
Electrical/electronic Transportation
4% 7%
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EXPORTS EXPORTS EXPOR
of converted plastics of plastic products  of other prt
packeding
Converters
d d Manufacture
EXPORTS eman of plastic
of plastic materials of plastic products

materials

Production
of plastic
materials

IMPORTS
of plastic materials

IMPORTS
of converted plastics

Kruzenje plastike

of plastic products

Consumption

of plastic
products

IMPORTS IMPORTS
of converted of other products
plastics packed in plastics

Plastics become
waste at the end
of their service life

Plastic
post-consumer
waste
generation

—

RECYCLING
— @

NON

uors, (N

* Littering and unauthorised dumping

Life service

The service life of plastic
products goes from less than
1 year to 50 years or more

collected waste*
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sy Plastika
Biobased

Biobased &

Biobased Bioplastic Biodegradable

eg. biobased PE, Bioplastic

PET, PA, PTT, bio-PP eg. PLA, PHA,
PBS, PHB, PGA,
Starch Blends

Non- : .
Biodegradable : Blodegradable

Conventional Biodegradable
plastics Bioplastic

eg. PE, PP PET, eg. PBAT, PCL,
PS, PVC : PBS, PVOH, PVA

6 Fossil-based
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v ‘Biobased’ does not equal ‘biodegradable’

Bioplastika

o The property of biodegradation does not depend on the resource basis of a material but is

rather linked to its chemical structure

o 100 percent biobased plastics may be non-biodegradable, and 100 percent fossil based plastics

can biodegrade.

Not all bio-based plastics are biodegradable,
and not all biodegradable plastics are bio-based.

bio-based plastics
Q@ Plastics made at least partly from biological matter

biodegradable plastics

crn@ Plastics that can be completely broken down by microbes
in a reasonable timeframe given specific conditions

i{ WHICH? O

Compostable

d Osoowe is ron-teee
and sde for the envronment

A Wt d compostabe rers
ae satde fur vome compesiing

A Same dems must be
composed n ndushvd fackhes

Biodegradable
K ot d tiodeg adible
rems e canpostaie

K Mskadng tere

XK bodegadtic tom
wil bredk down evertudy
wit con tace wany weas
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Global production of bioplastics in 10° tonnes
1800 Biodegradable
1600
1400 -
1200
Bio-based and
non-biodegradable
1000 -+
800 . T T . . | T
2019 2020 2021 2022 2023 2024 2025
3 Nanda, S., Patra, B.R., Patel, R. et al. Innovations in applications and prospects of bioplastics and biopolymers: a

review. Environ Chem Lett 20, 379-395 (2022). https://do1.org/10.1007/s10311-021-01334-4
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Global production capacities of bioplastics 2022
(by material type)

© Other 1.1% 4.5% PBAT

(bio-based/

non-biodegradable) / 0.9% PBS )
@ PE 14.8% / 20.7% PLA @
@ PET 4.2% 3.9% PHA o

Total:

PA 1.1%
. 2.22 million 17.9% Starch blends .
®rr 3.9% tonnes 36% ¢ e @
® PEF 0.0%
P 13.3%
L X L X BN B o000 0
Bio-based/non-biodegradable Biodegradable
48.5% 51.5%
'PEF Is ly in and to be at scale in 2023, "Regenerated celisiose fims
Source: European Bioplastics, nova-instiute (2022). More an www bio-based.

Bioplastika

Global production capacities of bioplastics 2027

(by material type)

@ Other 0.4%
(bio-based/
non-biodegradable)

@ PE 11.8%

® PET 1.8%

®PrA 18.7%

o FrP 6.0%

© PEF 0.1%

@FrT 4.7%

[ X X X BN R

Bio-based/non-biodegradable

43.5%

' Regenerated celiiose fims

Source: European Bioplastics, nova-institute (2022) More

1.6% PBAT
0.3% PBS
37.9% PLA
8.9% PHA
6.3% Starch blends

® ® & & o

1.5% Cellulose fims'

20000
Biodegradable
56.5%

G www bio-based.
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Global production capacities of bioplastics 2022 (by market segment)
800
695.6
600
$
§
8
£ 400 376.1
3124
200
1333
97.4
. 5.7
,59
K ﬁf 7 *§°° Q“’”& ¢ Q*
ff @ Q@
Bio-based/non-blodegradable ® rPeT Biodegradable PBAT
® PE ® P8BS
® PA ® PA
® rP ® PHA
@ riT @ Starch blends
© others @ Cellulose films
11

Source: Bi d st {2022). More 0N WWW. P i 9/ and www.bio-based.




79

RIITMCMIX ) Proizvodnja bioplastike iz biomase

First-Generation Second-Generation Third-Generation Fourth-Generation

B = g 11

v

Edible biomass Non-edible biomass Algal biomass Electrical driven
Sugar beet, wheat, corn, Miscanthus, switchgrass, rice Microalgae, macroalgae Polarized electrodes as
potatoes, canola straw, rice husk, saw dust, electron source

municipal waste, animal
by-product streams

\ Y J l

There is a clear trend in research showing a Potential problems: the economic feasibility of
shift to second-generation feedstock usage, microalgae production, such as difficult culture
due to concerns about available quantities conditions, high contamination risks, complex
and food prices. cleaning processes as well as low cell densities and
High abundances of second-generation productivities

12 feedstocks and lower market competition

lead to lower prices.
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Physical (milling,

clipping, grinding,
’ ultrasonic, irradiation,
heat treatment)

alkali, organic
solvent, ionic
solvent, ozone

by Biological

4y combined or hybrid
(steam, CO2, ammonia
based explosions

B Pretreatment

=% Chemical (acid,

mmep (bacteria, fungi,
actinomycetes

&

succinic acids, levulinic acid,
lactic acid, furfural, sorbitol,
glycerol

hydrogen, methanol,
ethanol,
diesel

5&6

polymers, ~

plastic,
bioactive
compounds,
biocomposites,
pigments,
enzymes,
biochar, single

cell protein
electricity, syfgas, —
dye dispersant

Value-added products

WORKSHOP
Advancing Research

Solutions Using Alga

Proizvodnje bioplastike 1z biomase

\
I
I
J

and Innovation and Promoting
Cooperation in Circular Economy

| Biotechnology

February 10" - 11*, 2025, Zagreb, Croatia
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Polihidroksialkanoati (PHA) su
biorazgradivi  polimeri  koje
prirodno proizvode
mikroorganizmi kao odgovor na
stresne uvjete okoliSa, poput
nedostatka hranjivih tvari 1
viska ugljikohidrata. PHA = se
smatra odrzivom alternativom
konvencionalnim
plastifikatorima, jer su
biokompatibilni, netoksicni 1
potpuno razgradivi u prirodi.

Polihidroksialkanoati

Prokaryotic cell

.-~ Chromosome

N
\

\_j: Intracellular

¥ PHA granules
Flagella (,carbonosomes”)
PHA structure: oy E;')
' R WL (CH) "N on
n
H X



Polihidroksialkanoati
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® thermoplastic
@® biocompatible

2 @ biodegradable
A\

4-(\ Poly(3-hydroxyalkanoate) )
! PHA o o
CH, GH; CH, CH;
CH; CH, CH, CH, CH,
GHy fHa G, GHy CH, H,
¢H, GH, GH, CH, GH, ¢H, CH,

H CH, GH, CH, GH; CH, CH, CH;

P(3HB) P(3HV)  P(3HHx) P(3HHp)  P(3HO) P(3HN) P(3HD) P(3HUD) P(3HDD)

ca C5 C6 c7 c8 c9 C10 C11 c12

\. - N v A

Short-chain length Medium-chain length Over 160
PHA PHA

monomers

15
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Fm:m Dobivanje PHA - SmF

Bioprocess Technology for Sustainable PHA Production

Strain & Bioprocess Improvement

. ¢ Upstream Processing )
= : ‘. a
|
\ ) P *ll'.——— P
® .
Cyanobactenal Cell A &9
LY
Oesgr
,\ Eopnrenrny @
Shake Flask Cultivation Optimization of Media Photobicreactor
Raw Material Process Parameters Cultivations
( Downstream Processing )
} Scale Up
BioPlasticsin Final Product Extraction Production
the Market &Purification in Industrial Scale

Bioprocess Engineering

16
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https://bio-pha-com-f-pack.eu/

PROJECT - Production and Development of
Compostable Packaging from Waste
Biomass for the Packaging of
Industrially Processed Food Products

v

v

1. Production of PHA from secondary
generation biomass— agroindustrial
waste using solid state fermentation

*  Physical and cehmical
characterisation of waste
*  Examine pure and mixed culture
*  Examine different extractions
methods
*  Optimization of process via SmF and
SSF

2. Production of biodegradable and
compostable packaging materials
Development of biofilms— PHA, PLA, TPS, PBS
*  Using compostable coatings
*  Biodegradable additives
Examine of produced biofilms:

*  Dbiodegradability
*  Ecotoxycity
*  Compostability

PTF

17

Podravka"
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b bopPHA-CcomFPack

Production and Development of
Compostable Packaging from Waste
Biomass for the Packaging of
Industrially Processed Food Products
Project Applicant

e i

NPOO.C3.2.R3-11.04.0059
niversity of Zagreb AN

Faculty of Chemical Engineering and Technology
Trg Marka Marulica 19, 10 000 Zagreb, Croatia

ratior

Project Leader
Assoc. Prof. Dajana Kuéié Grgié, PhD

Project Partners s
Research Organization: Ll ‘n
Josip Juraj Strossmayer [ §

u of Osijek 5 Ll

F: Food Technology  §

Osijek \ -
Franje Kuhada 18, \: A
31 000 Osijek, Croatia

Companies:

Podravka d.d

a
Ante Starcevica 32, 48 000 Koprivnica, Croatia

Rotoplast d.o.o.

Poduzetnicka 7, Kerestinec, 10 431 Sveta Nedelja, Croatia
Duration of the project: January 1, 2024 - June 30, 2026
Total eligible costs of the project: 162868999 €

Grants: 148808251 €
www.fldt.unizg.hr %
bio-pha-com-f-pack.eu E

Funded by the
pean U

Financira
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pouzdane analiticke metode tifikacija i odabir najuéinkovitijeg
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1. Proizvodnja PHA - SSF

Faculty of Chemical
Engincering and Technology

‘.’ University of Zagreb
7%

in

PTE  Podravka?

ROTOPLAST

Isolation of
microorganisms

|

I Substrates

Identification of
microorganisms

Solid - state fermentation (SSF) and
extraction and purification of PHA

Characterization od PHA

+  Bacteria _—

Shredded
starch

Shredded
chickpea
(chickpea 1)

= Gram staining

+ Sudan black staining

+ KOHtest

= Biochemicaltests: catalase, oxidase
and nitrate-reductase tests

* AP|Strips

+ Sudan black staining
+ API20 Caux

The SSF was performed for 7 days at room temperature
The SSF was carried out for:

starch

chickpea 1

chickpea 2

mixture of starch, chickpea 1 and chickpea 2
sterilised mixture of starch, chickpea 1and
chickpea 2

to 100 g of each substrate and mixture, 10 mL of
suspension of mixed culture was added

to 100 g of sterilised mixture of starch, chickpea 1 and
chickpea 2, 10 mL of Cupriavidus necator suspension
was added

L R

After S5F, the substrates were centrifuged and dry cell
weight (DCW) was determined

Extraction and purification of PHA was performed with
chloroform and 4% sedium hypochlorite

« FTIR-ATR spectroscopy
» wavelenght range: 4000 - 650 cm”

= DSC
» 5-7mg of samples
* 5cycles of heating and cooling

+ TGA
# 5-7mg of samples
» 40-700°C

Shredded
chickpea with
bean residues - Fungi
{chickpea 2)
Yeast —M
Agroindustrial waste

Cucumbers Beets

Beans \pple Plum

Financira
2 1 Europska unija
NextGenerationEL

This research was conducted as part of the project ,Production and development of compostable packeging from waste biomass for the packaging of industrially
processed food products” (NPOO.C3.2.R3-11 .04.0058) funded by National Recovery and Resilience Plan ifunded by the Eurspesn Union, NexiGnerationtU).

WORKSHOP

Advancing Research

and Innovation and Promoting
Cooperation in Circular Economy
Solutions Using Algal Biotechnology

February 10* — 11*, 2025, Zagreb, Croatia
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Isolation of
pure cultures

— -
Sudan Black
staining

IDENTIFICATION

Biochemical tests

API strip tests

University of Zagreb
Faculty of Chemical
Engineering and Technology

FRITMCMXIX

PTF Podra\ﬂggo

ROTOPLAST

Figure 2. Obtained pure cultures by streaking method, cultures stained with Sudan Black dye, and
microphotographs of Gram sl:umng of bacteria isolates Brevibacillus sp. (A,A1,A2), Empedobacter
brevis; (B,B1,B2), i ilyticus; (C,C1,C2), Mic spp.; (D,D1,D2), Leuconostoc
sp; (E,E1E2), Bacillus licheniformis; (FF1,F2), Staphylococcus lentus; (G,G1,G2), Citrobacter freundii;
(H,H1,H2), M = 1000x.

Figure 3. Obtained pure cultures by streaking method, cultures stained with Sudan Black dye, and
microphotographs of yeast isolates Trichosporon asahii (A,A1,A2), Cryptococcus humicola; (B,B1,82),
Geotrichum klebalmii; (C,C1,C2), Candida krusei; (D,D1,D2), M = 400.

Identified Bacteria ~ Gram Staining KOH Test Oxidase Catalase Nitrate-Reductase

(S .
Substrate Identified Microorganism Morphology
ibucillus sp. with ion, and reg iguration, rod shaped
Chickpea 1 Empedobacter brevis Orange with flat elevation, and regular round configuration, rod shaped
Aneurinibacillus anearinilyticus  Brownish with raised elevation, and regular round configuration, rod shaped
) Micrococcus spp Orange with flat elevation, and regular round round
Chickpea 2 shaped (cocci)
Trichosporon aschii White and cracked in the middle with smooth and shiny edges
Leuconostoc sp. White with flat el and regular round cocci
Bacillus licheniformis White with raised clevation, wavy and smooth edges, rod shaped
Starch Staphylococcus lentus “Transparent with raised elevation, and regular round configuration, round
ped (cocci)
Citrobacten freundii ‘Transparent with raised aevaxzn;;:;zun shape with twisted edges,
Cryptococcus humicola Yellowish with raised elevation, round shape with jagged edges
Geotrichum Klebalmii White with flat elevation, filamentous shape with jagged edges
Candida krusei White with raised elevation, and regular round configuration
22 - :‘“’:’M.": untja This fescafch was conducted 88 Par of the project  PROAUCton and develgment of compostable packeging rom waste BIBmess 1of the packaging of industrially
Newtomneratongy  Processed food products” NPOO.C3.2:R3-104.0058) lundod by National Racovery and Resilence Plan ffunded by th European Union, NextGenrationEL).

Brevibacillus sp. +ve + + + +
Empedobacter brevis —ve + /= + -
Aneurinibacillus
P +ve + + + -
aneurinilyticus
Micrococeus spp. +ve + = + +/=
Leuconostoc sp. +ve - - - -
Bacillus licheniformis +ve - - + *
Staphylocoecus lentus +ve - - + +
Citrobacter freundii -ve - - + *
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Transmittance / a. u.

Transmittance / a. u.

1. Proizvodnja PHA - SSF

=y S TN e T )
|/ s LAY
= "/ -
= <
2 \ /
5 § ,,,,, o Ve o
1] \ b %
=4 b V c=0 7\~
streching g " streching
O-H streching / % O-H _—~ CH,, CH,
CH,, CH, CHbondng | | = streching sibciung C-H bending ‘
‘ Exp. 1/ streching I —— Exp. 4 “
Exp. 2 co | Exp. 5!
Exp. 3 streching Exp. 6 Ry
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumber / cm™ Wavenumber / cm™
[ . 1/
i S M
J © A
8 f
- ( — WS
£ \
| A
| = 1
sy P e - | .
\W  co |V 2 | S~ | C=0—_|
¥ W v \ ing \ streching
O-H streching f.“\\ reching \l 't_g T \\ /
Exp.7] | I} | [T Exp. 11 N g
Exp. 8| Cta CH: C-H bending Exp. 12|  CHaCH; ¥
Exp. 9| streching C-Ostreching " Exp. 13|  streching C-Ostreching—w |
4000 3500 3000 2500 2000 1500 1000 4000 35’00 3000 2500 20‘00 1500 lUbO

Wavenumber / cm™’

Wavenumber / cm!

Characteristic funcional groups of PHA obtained by FTIR-ATR
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Accumulation of PHA obtained by 5 substrates

spectroscopy.
-OH C-H c=0 -CH, c-c
Sampla bond hing hing bending stretching
2018 1019
Chickpea1 3282 2850 1708 1264 873
2019 1006
Chickpea 2 328 2850 ! ! 872
2950 995
Starch 3303 28920 1713 1246 259
2856 1076
Mixture 3290 2920 1711 1267 1018
2853 i/
2852 1074
Mixture + C. necator 328 2920 1711 1268 1018
2845 i/

~ Finaneira
2 b} Europska unija
NextGenerationELI

This research was conducted 88 part of the project , Production and development of compostable packaging Irom waste Bomass for the packaging of industrially
processed food products” NPOD.C.2.R3-1L.04.0058) funded by Nationsl Recovery and Resilicnce Plan (Tunded by the Eurcpean Union, NextGenerationEL),

after 7 days of SSF.

Sample PHA accumulation / %
Chickpea 1 5.42
Chickpea 2 13.81

Starch 5.29

Mixture 4.09

Mixture + C. necator 6.30
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DOBIVANJE FILMOVA

The Brabender Univex is a
universally applicable
downstream device for draw-
off, cooling and winding of
flat films with film speeds up
to 30 m/min.

‘.’ University of Zagreb
“ Ity of Ch

- Faculty of Chemical
@ O Enginceringand Technology 6
Financira Thi . "
Europska unija s rescarch was conducted s part of the project .Production and devslopment of compostable packsging from waste biomass for the packsging of Industrislty
NaxtGanerationEU processer d food products” (NPOO.C3.2.R3-1L..04.0059) funded by National Recovery and Resilience Plan (funded by the European Union, NextGensrationEU).
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DOBIVANJE FILMOVA
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Compostable plastics Test methods Certifications
1. Biodeg i 2. Disint 3. Ecotoxicity Reslts from
I1SO 14855 1SO 16929 4. Heavy metal test third-party testing
ASTM D5338 lab
Disintegration
Test material: Test material: Test material:
cryogenically ground Formulated article Formulated article
5 L S i polymeric powder in a pilot compost in a pilot compost
3 @
v Test: Test: Test:
CO: evaluation 2 mm sieve test Chemical
or oxygen characteristic

EcologicaIAimpﬁl Complete

CO2 + H20 + Cbiomass

and plant growth

Four test methods combined as EN 13432/ ASTM D6400/ ISO 17088

Certification Logo issued by
different certifying bodies

ISO 17556:2019

Plastics — Determination of the ultimate
aerobic  biodegradability of plastic
materials in soil by measuring the oxygen
demand in a respirometer or the amount
of carbon dioxide evolved

ISO 14852:2021

Determination of the ultimate aerobic
biodegradability of plastic materials in
an aqueous medium — Method by
analysis of evolved carbon dioxide

ODREDIVANJE BIORAZGRADLJIVOSTI

Financira
Europska unija
NextGoneratonEl

This rosoarch was conducted as parn of the project _Production and dovelopment of compostable packaging Mom wiste Diomass for the packaging of Industrially
processed food products™ (NPOO.C3.2.R3-11.04.0059) funded by Naticnsl lecovery and Fosilience Plan (funded by the European Unson, NextGenemtiont U)

27
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Industrial composting
(EN13432)

Home composting vs. industrial composting

Home composting (Vincotte certification)

Biodegradation  Test at 58°C in 180 days
Biodegradation min. 0%

Disintegration Test at 58°C in 90 days
Sieve 2 mm mesh
Disintegration > 90%
Max 10% of dry weight allowed to
be retained by 2 mm sieve

Certification Din Certco/OK Compost

‘ ®

Com posta'o\a

Test at 20-30°C in 365 days
Biodegradation min. 0%

Test at 20-30°C in 180 days

Sieve 2 mm mesh

Disintegration > 90%

Max 10% of dry weight allowed to be retained
by 2 mm sieve

OK Home
w

=
o

400

OK compost

VINCOTTE

Seurce: Song et al. 2009, The seedling logo and the OK Home Compost logo illustrated in the Table are shown by courtesy,

respectively, of the European Bioplastics Association and Vincotte.

28
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Podravka

Financira
Europaka unija
NextGeneratonEl)

This resoarch was conducted as parn of the project _Production and development of compostable packaging from wiste DIomass 1or the packaging of Industrially
processed food products™ (NPOO.C3.2.R3-11.04.0058) funded by Nationsl lecovery and Fosilience Plan (funded by the European Unkon, NextGenemtiont U)
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MATERIJALA
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The edges of the material have
been degraded by microorganisms.

Visible cracks are
discernible within the
film.

Regular edges

Microphotograph - polarazing
optical microscope 400 x

After 7 days of biodegradation After 7 days of biodegradation
’ —wahed with water and 70% of

in soil
TPS_SL/PLA 60/40 ethanol

Before biodegradation
TPS SL/PLA 60/40

Polarazing optical microscope

This rosoarch was conducted s par of the project lmmmmwdcmwmhmm for the ging of Indy
and Fosil Plan (fundod by the European Undon, NextGenemstiont U).

J Europska unija
NextGenecs: £y processed 10od products™ (NPOO.CI.2.R3-1L.04.0058) funded by N Yy
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Adiaboti ; I decomposition —q )
13 Ic 70 < i Thermophillic phase :'_ Maturation ———
i $
reactor \- 65 . i Bacteria,
' ! fungi, and
60 : ! gi,
i ! higher
Pt B5ial * ) organisms
Graduated i
H O 50 8
‘ cylinder 2 & i
_______ g 454.=c § e
g p | Mesophillic temperature '
2. 40 :
5 ! :
4 % H:BO: Eiged) & ! :
Q ! -
v 30 s ! !
s :
25 53 ! 4
§ 1 1 Stable and
204 & 1 Bacteria, fungi, i mature compost
i‘ H actinomycetes '
_ 1 M NaOH 15 - :
5 Composting time
Compost substrate; before

(98}
(8]

Compost substrate; after
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% Germination = number of
germinated seeds in
contaminated test soil / number of
germinated
seeds in control 100

1SO 18763:2016 Soil quality — Determination of the toxic effects of pollutants on
germination and early growth of higher plants
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System perspective: LCA of Bio-based vs
conventional plastics

7

-4
4
4

Projects’ contribution to EU policies

4

Assessment of bio-based plastics vs
conventional ones

Ensure feedstock sustainability for
bio-based plastics

Compostable and bicdegradable plastics
vs. conventional ones

Impacts on society (e.g. health) and
environment along the life cycle

Limit the use of biodegradable plastics in the open

environment to specific applications for which
reduction, reuse. and recycling are not feasible .
Projects’ point of view.

What role for biobased and biodegradable plastics in
reaching the 2030 targets of the EU Zero Pollution

Action Plan

Recommendations and research data from projects to

support EU policies

How to shorten the gap between projects’ outcomes

and policies?

Challenges

By Glaukos/FVA - New Media Research

Challenges

End-of-Life options (biodegradability,
ecotoxicity, recyclability, leakage, etc.)

4

-4
4
4

Complexity of the biodegradation processes in
open environment {(e.g. marine environment)

Measurements, metrics and standards for the
biodegradation in the open environment

Safety / toxicity issues lincluding use of
additives in biodegradable plastics)

Recyclability of bio-based plastics [(e.g.
creation of value chain, market volumes)

Raising awareness,

stakeholder

engagement, collaboration and
coordination
4 Scientific knowfedge transfer to rejevant actors

4
4
4

(policymakers, ndustry and society)
Connect initiatives at local, national, and EU level

Mobilize citizens and society for the scale-up of
solutions (from niche to norm)

End-users’ behaviour and impacts of bio-based
and biodegradable plastics (e.g. awareness,
acceptance, unintentional and mismanaged
disposal)
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Prof. Tomislav Bolanc¢a, PhD, Vice-rector for Business and Digitalization at
University of Zagreb

Prof. Sime Ukié, PhD, Department of Analytical Chemistry

Assoc. Prof. Dajana Kucié Grgié, PhD, Department of Industrial Ecology

Assoc. Prof. Vesna Ocelié¢ Bulatovié, PhD, Department of Surface
Engineering of Polymer Materials

Asst. Prof. Matija Cvetni¢, PhD, Department of Analytical Chemistry

Mr. Sc. Marinko Marki¢, CEO of Comprenhensive Water Technology (spin
off company); Department of Measurements and Process Control

Martina Miloloza, PhD, Department of Industrial Ecology

Lidija Furac, PhD, Department of General and Inorganic Chemistry

Viktorija Prevari¢, mag. ing. cheming., Department of Analytical Chemistry

Dora Bramberger, mag. chem., Department of Industrial Ecology

Karlo Grgurevi¢, mag. chem., Department of Industrial Ecology

FKITMCMXIX

University of Zagreb
Faculty of Chemical
Engineering and Technology
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